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ABSTRACT 
FIELD experiments were conducted to study the effects of no-till and conventional tillage, and single 
and slit N-fertilizer applications, for continuous corn 
production on the leaching of nitrate-nitrogen (NO3-N) 
through subsurface drainage water and below the root 
zone. The comparison between conventional and no-till 
was made by applying a single application of 175 kg-
N/ha at the time of planting, and the comparison 
between single and split N applications was made for the 
no-tillage system. Six experimental plots, each drained 
with a single subsurface drain, were intercepted by 
installing sumps for measuring drain flow rates and 
collecting drainage water samples for NO3-N analyses. 
Also, four sets of piezometers were installed for deep 
water sampling. 
In the first year of the experiments, tillage and 
N-fertilizer management schemes did not significantly 
affect NO3-N concentrations in drainage. However, in 
the third year, the average NO3-N concentrations in 
drainage from conventional tillage plots were 
significantly greater than those of no-till plots when a 
single application of 175 kg-N/ha was made. The results 
of this study indicate that split N-applications totaling 
125 kg/ha reduced NO3-N concentrations in drainage 
compared with a single, higher rate of application of 175 
kg/ha for the no-tillage treatment. 
INTRODUCTION 
The use of chemicals in agricultural watersheds is 
recognized as a potential source of environmental 
pollution, specifically with respect to water quality. The 
quantity and quality of water being recharged to aquifers 
from some of the intensely farmed cropland of the U.S. 
have brought concerns by a large number of people, 
including farmers. One pollutant, the nitrate ion, is of 
particular concern in the corn-belt region where 
extensive use is made of nitrogen fertilizer. Also, these 
areas rely on groundwater as a source of potable water. 
Measurements have shown that, commonly, less than 
half of the applied nitrogen is used in grain production. 
The remaining nitrogen either goes out of the root zone 
through leaching to groundwater systems, wash-off and 
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volatization, or remains in the soil profile for possible 
later use by the plants. Nitrate-Nitrogen (NO3-N) 
leaching is one significant means of nitrogen loss. 
Agricultural activities on the farmland are being 
viewed as the potential sources of water pollution. 
Increased use of fertilizers, changing tillage practices, 
diverse drainage systems and crop production practices 
may not only have pervasive but multifaceted effects on 
water pollution. More and more farmers are adopting 
conservation tillage practices. Tillage practices directly 
affect the soil-water properties of the surface soil and, 
thus, the leaching characteristics. Tillage disturbs the 
macropores (open channels), whereas, no tillage allows 
the macropores to develop and persist. Transport of 
NO3-N through macropores may either increase or 
decrease the total nitrogen load to the underground 
water sources. The fate of nitrates under different tillage 
systems is of considerable interest and importance, and it 
is, thus, essential to understand all factors that effect it. 
Therefore, the purpose of this research was to determine 
the effects of two tillage practices (namely, no-till 
farming and conventional plowing) and two N-fertilizer 
management practices (single and split applications) on 
the leaching of nitrates with subsurface drainage water 
and below the root zone. 
REVIEW OF LITERATURE 
Leaching of NO3-N under different tillage systems has 
been demonstrated in several experiments carried out in 
areas with different climates and soil types (Blevins et 
al., 1983; Bolton et al., 1970; Gold and Loudon, 1982; 
Kanwar et al., 1985a: Kitur et a l , 1984; Loudon et al., 
1986; Owens, 1987; Rice and Smith, 1982; Rice et al., 
1986). Reduced N uptake by crops under no-till systems 
usually is evident at lower rates of N-fertilizer. Rice et al. 
(1986) have suggested that N availability is less under no-
till systems. This may be a result of immobilization of 
surface-applied N fertilizer, reduced N fertilizer recovery 
in no-till soils (Kitur et al., 1984), and the potential for 
greater denitrification losses in no-till soils (Rice and 
Smith, 1982). The mineralization rate of soil organic N is 
an additional process likely to be affected by tillage 
systems. Rice et al. (1986) have reported that N 
mineralization was at least as great in long-term no-till 
plots as in long-term conventional tillage plots 
(approximately after 10 years). They have further 
suggested that the lower availability of N frequently 
observed in no-till soils is a transient effect. Although the 
rate constant for organic N mineralization may continue 
to be greater in plowed soils, gradual accumulation of a 
large organic N pool in no-till might begin to supply as 
much N to the crop after several growing seasons. 
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The nitrate leached out of the root zone can 
contammate groundwater supplies and present health 
related concerns. Leaching of nitrogen below the crop 
root zone has been reported by several investigators 
(Alberts and Spomer, 1985; Andersson et al., 1984; 
Baker, 1985; Baker and Johnson, 1981; Bergstorm' 
1987; Burwell et al., 1976; Chichester, 1976; Kanwar et 
al., 1985b; Owens, 1987). Alberts and Spomer (1985) 
found that 85% of the NO3-N present in the soil profile 
was below 1.8 m in normally fertilized watersheds and 
positionally unavailable for crop uptake. Kanwar et al. 
(1985a) performed a rainfall simulation experiment to 
study the movement of NO3-N under no-till and 
conventional tillage systems. The results of this study 
indicated that most of the previously applied NO3-N 
present in the soil was bypassed by the water applied 
later as it infiltrated through the macropores under no-
till systems. Studies have also shown equal N-fertilizer 
losses under no-till and conventional tillage systems 
(Kitur et al., 1984), whereas Kanwar et al. (1985a) found 
higher NO3-N leaching losses under conventional tillage 
systems. Also, it has been reported that nitrogen 
fertilization above crop needs definitly results in 
increased nitrate leaching losses (Bergstorm and Brink, 
1986; Gast et al., 1978; Kanwar, 1985b; Randall and 
Nelson, 1985; Timmons and Dylla, 1981). 
Several studies have been conducted to measure the 
loss of NO3-N through subsurface drainage (Baker et al., 
1975; Baker and Johnson, 1981; Bergstorm, 1987 
Bottcher et al., 1981; Burwell et al., 1976; Gast et al. 
1978; Logan et al., 1980; Randall and Nelson, 1985 
Schwab et al., 1980, 1985; Zwerman et al., 1972). 
Kanwar et al. (1985b, 1986) have summarized the results 
of various field experiments on the quality of subsurface 
drainage from croplands. These results indicate that, on 
the average an equivalent of 20 to 40% of the applied 
N-fertilizers are being discharged to the surface water 
supplies through subsurface drainage waters. Hallberg 
(1986) and Libra et al. (1986) have found that the NO3-N 
load discharged in surface and ground water has been 
equivalent to 33 to 55% of the average fertilizer nitrogen 
applied. The results of these field experiments, and 
modeling studies by Kanwar et al. (1984, 1988) have 
supported the public concern that the increased use of 
nitrogen fertilizer in agricultural watersheds is a major 
cause of the 
goundwater. 
increased NO3-N levels in streams and 
METHODS AND MATERIALS 
A field experiment was conducted at the Agronomy 
and Agricultural Engineering Research Center near 
Ames, lA. The experimental plots were located on a 
Nicollet loam soil with a maximum slope of 1%. This soil 
series consist of deep, moderately to poorly drained soils 
formed m glacial till under prairie vegetation. Selected 
physical properties of the soil at the experimental site are 
given m Table 1 (Kanwar et al., 1987). Six plots, each 
drained with a single subsurface drain, were established 
in 1984 at the experimental site. This experimental area 
was under oats during the growing season of 1983. The 
subsurface drainage system consisted of 10.2 cm 
diameter clay tiles spaced 36.6 m apart. The tile drains 
were installed in this area in 1961 at a depth of 122 cm. 
Fig. 1 shows the layout of the plots at the Research 
Center, the dashed lines outlining the drainage areas of 
six plots (plots are numbered 1 through 6). 
The tile lines of plots 3 ,4 , and 6 were intercepted in 
1971 in one of the previous study (Baker et al., 1975; 
Baker and Johnson, 1981) by installing 152 cm deep 
sumps that were equipped with either a H-flume or a 
V-notch weir. Therefore, data on tile flow rates were 
collected from these three plots as soon as the tiles 
started flowing in 1984. A 0.5 cm diameter copper tube 
was installed in the remaining three tile lines of plots 1, 
2, and 5 in April 1984 to pump out water samples for 
NO3-N analysis. 
o Observation wells, 1.8m long 
A Piezometers at 1.2, 1.8, 2.4, 3.0, 3.6m depths 
a Subsurtace dram access sumps 
- * • Subsurface dram 
Agricultural Engineering- Agronomy Farm 
Boone County, Iowa 
T84N R25W in Sections 9. 8, 10 
0 30 60m 
Fig. 1—Layout of six experimental plots to study the transport of 
nitrogen and water through the soil profile to the groundwater system. 
TABLE 1. PHYSICAL PROPERTIES OF THE NICOLLET SOIL AT THE EXPERIMENTAL SITE 
Depth 
cm 
0-15 
15-30 
30-45 
45-90 
90-120 
Sand 
2-0.05 
% 
42.0 
35.7 
34.1 
38.0 
53.1 
Particle size, mm 
Silt 
0.05-0.002 
% 
35.2 
38.2 
38.4 
36.0 
25.2 
Clay 
<0.002 
% 
22.8 
26.1 
27.5 
26.0 
21.7 
Organic 
matter 
% 
4.3 
4.0 
3.2 
2.6 
0.5 
Porosity 
% 
0.44 
0.49 
0.51 
0.49 
0.46 
Bulk 
density 
g/cm 3 
1.49* 
1.36 
1.30 
1.37 
1.44 
9.6 cm 
0.37 
0.39 
0.38 
0.36 
0.35 
Soil-water characteristics 
Volumetric soil moisture content at tensions of 
108 cm 
0.33 
0.32 
0.31 
0.29 
0.27 
152 cm 
0.32 
0.31 
0.30 
0.28 
0.26 
- % 
325 cm 
0.31 
0.30 
0.28 
0.27 
0.25 
1,000 cm 
0.28 
0.25 
0.24 
0.24 
0.22 
12,000 cm 
0.15 
0.17 
0.17 
0.17 
0.13 
*Bulk densities of the tilled plots were found to be close to that of no-till plots. 
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Ground surface 31 cm 122 cm dia. sump 
.10 cm X 120 cm 
Bell tile 46 cm 
a n K '10 cm 
field tile 10 cm dia. 
Exit tile 
Weir Box 
2.5 cm crushed rock 
Fig. 2—A schematic diagram of the subsurface tile sump installation. 
To provide a permanent access to the three tile lines of 
plots 1, 2, and 5, 152 cm deep sumps were dug to 
intercept the drain tiles in June of 1984. The walls of 
sumps were made of 183 cm section of corrugated steel 
culvert (about 31 cm of culvert walls were above the 
ground). The diameter of the culvert was 122 cm. Holes 
were cut in the culvert before installation to allow the 
entrance and exit of the clay tile. The entrance tile 
extended into the sump about 25 cm and emptied into a 
tank equipped with either a 22.9 cm H-flume or 20 deg 
V-notch weir for a flow-measuring device. Fig. 1 shows 
the location of sumps in each plot, and Fig. 2 gives the 
skematic diagram of the sump installation. A float-
activated continuous water stage recorder was used in 
conjunction with either the flume or weir, to provide a 
record of tile flow rates as a function of time. These flow 
measuring devices were designed such that the minimum 
measurable flow rate was about 0.005 L/s at a head of 
0.3 cm. The data on daily tile flow rates were collected 
from 1984 through 1986. For 1984, since tiles almost quit 
flowing by the end of June and stage recorders could not 
be installed until the beginning of July for plots 1, 2, and 
5, tile flow data could not be collected for these three 
plots (although the data on NO3-N in tile water were 
collected by pumping water samples through copper 
tubes). When tiles were flowing, water samples were 
collected from the exit flow (at discrete times) to 
determine the concentrations of nitrate in the tile 
effluents. The water samples were immediately stored at 
4°C until analyses were performed. All the water 
samples were analyzed for NO3-N by using a Technicon 
Autoanalyzer II system. 
Two replications of two tillage systems (no-till and 
conventional), and one fertilizer management practice 
(175 kg-N/ha) were used for continuous corn production 
requiring four of the six plots. The remaining two plots 
were also cropped to corn by using no-tillage, but instead 
of a single N-application, three split applications of 
N-fertilizer were applied. The first application of 25 
kg/ha was made at the time of planting or after planting, 
a second application of 50 kg/ha was made in June, and 
the last application of 50 kg/ha was made in late June or 
July (Table 2). Although it would have been desirable to 
use split applications with conventional tillage, the 
available space limited us to the no-tillage treatment 
only. 
In 1984, three sets of three rows (30 m long and 75 cm 
apart) were machine harvested from each plot for yield 
measurements. In 1985, a relatively dry year, five sets of 
three rows were harvested from each plot for better 
estimate of the yield. A windstorm severely damaged the 
crop in 1986, and the corn plants were almost leveled. 
TABLE 2. DATES OF PLANTING, HARVESTING, FERTILIZER APPLICATION, AND PLANT 
POPULATION COUNT 
Item 
Planting 
Plant population count 
N-application 
(single 175 kg/ha) 
N-application, multiple 
first 25 kg/ha 
second 50 kg/ha 
third 50 kg/ha 
Harvesting 
1984 
May 14 
June 11 
(63,322 plants/ha) 
May 23 
May 23 
June 26 
July 3 
Oct. 2 
Y 
(66, 
ear and date 
1985 
May 2 
May 29 
248 plants/ha) 
May 2 
May 17 
June 5 
June 24 
Oct. 11 
1986 
May 7 
May 29 
(68,477 plants/ha) 
May 20* 
June 8 
June 25 
July 15 
Oct. 21 
*Rainfall prevented earlier application 
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Therefore, in 1986, five rows (15 m long) were hand 
harvested for yield measurements. Corn yields were 
corrected to a uniform moisture content of 15.5% before 
final analysis. 
Three observation wells (1.8 m long, 38 mm diameter 
plastic pipe with open bottom and perforated sides) were 
installed 30 m apart in each plot midway between 
subsurface drains to measure the water table fluctuations 
in each plot (Fig. 1). A set of piezometers (38 mm 
diameter plastic pipe with an open bottom) were also 
installed in two of the six plots at depths of 1.2, 1.8,2.4, 
3.0, and 3.6 m to collect water samples from these depths 
for nitrate analysis (Fig. 1). The observation wells and 
piezometers were read three times a week. The water 
samples were collected from piezometers (after the 
stagnant water was pumped from the piezometers) once 
in two or three weeks for NO3-N analysis. 
RESULTS AND DISCUSSION 
Fig. 3 shows monthly variations in precipitation 
patterns during the growing seasons (April through 
October) for 1984, 1985, and 1986. The year 1985 was a 
relatively dry year with a growing season rainfall of 49.1 
cm. Therefore, most of the subsurface drains did not 
flow at all in 1985; two subsurface drains did flow in 
1985, but only for a few days during the month of April. 
The years 1984 and 1986 received 75.3 and 95.6 cm of 
rainfall during their growing seasons, respectively, 
resulting in all of the subsurface drains flowing in 1984 
and 1986. 
Daily rainfall values, and piezometric water surface 
elevations for the selected days of 1986 are given in Fig. 
4. The data on water-table elevations as shown in Fig. 4 
were calculated as the averages of readings taken at two 
piezometer locations in the no-till plot 4. Calculations 
were also made to estimate the deep percolation loss 
below the tile depth based on piezometer readings. The 
annual deep percolation loss was found to vary between 2 
to 6 cm for the 1984 to 1986 period. Since surface runoff 
Vi 
/h: J2K 
m 
\4M 
vA 
ZTA 1984 5 3 1985 V7Z\ 1986 
Fig. 3—Monthly rainfall totals at the Iowa State Universitjr's 
Agronomy and Agricultural Engineering Research Center near Ames, 
lA for months of April through October. 
and evapotranspiration data were not measured at the 
experimental site, a computer simulation model 
(Kanwar et al., 1983) was used to make estimates for 
these two hydrologic parameters. The model predictions 
for the average annual surface runoff and 
evapotranspiration were 3.1 and 62.7 cm, respectively for 
the years 1984 through 1986. 
Effect of Tillage Systems on NO3-N Loss Through 
Subsurface Drainage 
Table 3 gives the values of standard deviations and the 
flow weighted average NO3-N concentrations in 
subsurface drainage for three years (1984 to 1986). 
Average NO3-N concentrations in subsurface drainage as 
a function of tillage, N-fertilizer management practice, 
and day of the growing season for the years 1984 and 
1986 are shown in Figs. 5 and 6, respectively. Fig 5 shows 
that in 1984 (first year of the experiment), average NO3-
N concentrations in drainage samples from conventional 
0 
10 
20 
30 
40 
bO 
i 60 
I 70 
I 80 
I 90 
i 110 
I 120 
I 130| 
140 
150h 
Ground Surface 
Subsurface Dram Elevations 
March 1 April 1 
[I. I I i.l l i L L. ^u I . I . Ill i l l U ^ 
- o Piezometer at 360 cm depth 
- • Piezometer at 180 cm depth 
I I ^1 !• !•• -IMI L J L 
-r 
0 d: 
I 1 June 1 iu«y 1 August 1 September 1 October 1 Nowmber 1 December 1 
Day of t t« year 
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Fig. 4^RainfaU and piezometer water surface elevations during the growing season of 1986. 
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TABLE 3 INFLUENCE OF TILLAGE AND FERTILIZER MANAGEMENT PRACTICE ON NO3-N 
CONCENTRATIONS IN TILE WATER 
Year 
1984 
1985 
1986 
Conv. 
N 
45 
52 
tillage, 175 kg/ha 
NO3-N concentrations (cone 
No-till, 175 kg/ha 
cone. Std. dev. N 
10.7bt 
23.2 c 
1.0 51 
8 
4.6 100 
.)» "^g/L 
cone. St. dev. 
11.1b 
11.7 
14.7 b 
1.3 
1.1 
2.0 
No-till, 125 kg/h 
N 
48 
56 
cone. 
11.8a 
11.4a 
a* 
Std. dev. 
1.2 
3.0 
*Three applications of N-fertilizer were made totaling about 125 kg/ha (first application of 25 kg/ha was made 
at or after planting, second application of 50 kg/ha was made about 20 days after the first application, and 
third application of 50 kg/ha was made about 20 days after the second application). 
tValues followed by the same letter are not significantly different at the 5% probability level during the year. 
N = Number of observations, Std. Dev. = Standard deviation 
tillage plots ranged from 8.8 to 13.0 mg/L, with an 
overall average of 10.7 mg/L when a single application of 
175 kg-N/ha was made. Similarly, NO3-N concentrations 
from no-till plots (with a single application of 175 kg-
N/ha) ranged from 8.3 to 14.5 mg/L, with an overall 
average of 11.1 mg/L. Statistically, these differences in 
NO3-N concentrations in drainage were not significant at 
the 5% probability level (Table 3). This indicates that 
the tillage system used, moldboard plow or no-till, did 
not significantly affect NO3-N concentrations in drainage 
during the first year of the experiment. 
However, as Fig. 6 shows, the effect of tillage in 1986 
on NO3-N concentrations in drainage was quite obvious. 
The average NO3-N concentrations in drainage from 
conventional tillage plots were significantly greater than 
those of no-till plots (Table 3). In 1986, NO3-N 
concentrations in drainage from conventionally tilled 
plots ranged from 16.3 to 34.7 mg/L with an overall 
average of 23.2 mg/L. For the same year, the average 
NO3-N concentrations in drainage from no-till plots 
(with single N application) ranged from 9.7 to 18.4 
mg/L, with an overall average of 14.7 mg/L. Also, for 
1986, event by event, the concentration of NO3-N in 
drainage under conventional tillage was greater than 
under no-till. This trend is clearly illustrated in Fig. 6. 
The 1986 data indicate that, after two years of no-till 
Conventional tillage, 175 kg-N/ha 
No-till, 175 kg-N/ha 
No-till, 125 (25, 50, 50) kg-N/ha 
T f T 
August 1 September 1 October 1 
Fig. 5— NO3-N concentrations in subsurface drainage water for 1984 
as a function of tillage and N-fertilizer management practice. 
there is a clear tendency for NO3-N concentrations in 
drainage to decrease with time in comparison with 
conventional tillage. Also, a NO3-N concentration of 10 
mg/L (a drinking-water standard in the U.S.) in tile flow 
was exceeded by almost 100% of the events for both 
Conventional tillage. 175 kgN/ha 
No-till, 175 kg-N/ha 
No-till, 125 (25. 50. 50) kg-N/ha 
. lU Lili k.ii. 111.1.1,1.1 l.l I. .11.11 JL 
10 5 
April I May I July 1 September 1 October 1 November 1 December 1 
Fig. 6—NO3-N concentrations in subsurface drainage water for 1986 as a function and N-fertilizer 
management practice. 
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TABLE 4. AVERAGE ANNUAL S^BSURf ACE DRAIN FLOWS AND NO3.N LOSSES WITO DRAIN WATER AS A FUNCTION OF TILLAGE 
AND NITROGEN FERTILIZATION UNDER CONTINUOUS CORN 
Year 
1984 
1985 
1986 
Precipitation, 
cm 
91.6 
64.3 
108.9 
P l o t # 
6 
1 
6 
1 
6 
1 
Single application, 
Conventional tillage 
Tile flow, 
cm 
17.4 
0 
0 
21.2 
7.0 
NO3-N 
loss, 
kg/ha 
17.9 
0 
0 
43.2 
17.0 
175 kg-N/ha/year 
No-tillage 
Plot # 
4 
2 
4 
2 
4 
2 
Tile flow, 
cm 
kg/ha 
18.3 
0.1 
0.9 
36.1 
24.4 
NO3-N 
loss, 
21.0 
0.1 
1.2 
58.7 
34.7 
Multiple applications, 125 
No-tillage 
P l o t # 
3 
5 
3 
5 
3 
5 
Tile flow, 
cm 
18.2 
0 
0 
32.4 
0.3 
kg-N/ha/year 
NO3-N loss, 
kg/ha 
20.7 
0 
0 
32.2 
0.9 
tillage systems when a single application of 175 kg/ha of 
nitrogen was applied at the time of planting. 
Table 4 gives the measured subsurface drain flows and 
NO3-N losses with drainage water for three growing 
seasons (1984 to 1986) as a function of tillage and 
N-application practice under continuous corn. Table 4 
shows that, in 1984, the first year in the respective tillage 
systems, subsurface drainage volumes from no-till and 
conventional tillage plots were not much different from 
each other. But in 1986, subsurface drain flows from no-
till plots (except from plot 5) were greater than from the 
conventional tillage plot. As shown in Fig. 1, the lengths 
of tile lines of plots 1 and 5 were much shorter than other 
four plots, which may have resulted in low tile flows from 
these two plots. Although the overall flow weighted-
average NO3-N concentration in drain water from the no-
TABLE 5. NO3-N CONCENTRATIONS IN PIEZOMETER WATER FOR SELECTED DAYS 
OF 1986 
Date 
6 /13 /86 
6 /27 /86 
7 /14 /86 
8 /11 /86 
9 /4 /86 
10 /2 /86 
1986 
Average 
Depth , 
m 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
No-till 
Site # 1 
14.9 
15.8 
15.1 
15.9 
9.0 
16.1 
17.0 
14.3 
12.8 
5.6 
16.5 
17.7 
14.9 
13.9 
7.4 
_ 
17.5 
16.3 
13.8 
5.5 
_ 
18.1 
14.6 
14.6 
5.1 
11.9 
12.1 
15.2 
13.0 
3.4 
plot, 175 kg/ha 
Site # 2 
_ 
15.5 
12.8 
3.3 
0.4 
_ 
16.1 
12.1 
2.6 
0.3 
17.3 
16.0 
12.6 
2.7 
0.6 
_ 
16.9 
14.3 
8.4 
2.9 
— 
17.7 
15.6 
2.1 
0.2 
33.7 
17.6 
15.7 
1.1 
0.9 
Average 
14.9 
15.7 
14.0 
9.6 
4.7 
16.1 
16.6 
13.2 
7.7 
3.0 
16.9 
16.9 
13.8 
8.3 
6.0 
— 
17.2 
14.3 
8.4 
2.9 
— 
17.9 
15.1 
8.4 
2.7 
22.8 
14.9 
15.5 
7.1 
2.2 
18.4 
16.5 
14.5 
8.7 
3.4 
Conv. 
Site # 1 
— 
11.1 
12.2 
14.8 
0.3 
-
10.9 
11.6 
14.8 
0.6 
— 
9.6 
12.3 
14.3 
0.5 
-
9.0 
13.1 
13.2 
0.1 
-
13.7 
12.6 
13.7 
0.4 
17.9 
13.5 
11.7 
12.2 
0.3 
tillage plot , 
Site # 2 
— 
10.1 
19.3 
14.6 
8.8 
-
11.2 
21.5 
16.5 
9.7 
-
16.6 
20.9 
18.0 
10.8 
-
16.9 
21 .1 
17.9 
9.9 
-
— 
19.5 
17.2 
9.3 
— 
17.2 
17.9 
13.9 
9.3 
175 kg/ha 
Average 
-
10.8 
15.8 
14.7 
4.6 
-
11.1 
16.6 
15.7 
5.2 
-
13.1 
16.6 
16.2 
5.7 
13.0 
16.6 
15.6 
5.0 
-
13.7 
16.1 
15.5 
4.9 
17.9 
15.4 
14.8 
13.1 
4.8 
17.9 
12.7 
16.1 
15.1 
5.0 
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till plots in 1986 was considerably less than that from the 
conventionally tilled plots, the higher drain flow from the 
no-till plots resulted in the higher NO3-N leaching losses 
in comparison to the NO3-N loss from the conventionally 
tilled plots when the annual application of 175 kg-N/ha 
was made. 
Table 5 gives the NO3-N concentrations in the 
individual piezometer water samples taken on different 
days in 1986. These data indicate that there is a lower 
concentration of nitrate at the deeper depths in both 
tillage systems. Also these data seem to suggest that 
NO3-N is moving to deeper soil depths, but its movement 
below 3.0 m might be decreased by an attenuation 
process (such as denitriflcation). The data given in Table 
6 indicate that tillage treatment resulted in no difference 
in NO3-N concentrations in the saturated soil profile 
except at the 3.0 m level. 
Effect of Split Applications on NO3-N Leaching 
The effect of three split N applications totaling 125 
kg/ha on NO3-N leaching was compared with a single 
application of 175 kg-N/ha under no-tillage conditions 
only. Fig. 5 shows NO3-N concentration data in drainage 
for single and split fertilizer applications for 1984. The 
overall average NO3-N concentrations in drainage under 
single and split applications in 1984 were 11.1 and 11.8 
mg/L, respectively (Table 3). Although these differences 
in NO3-N concentrations in drainage were not large, they 
were statistically significant. 
Fig- 6 gives the similar comparison for the 1986 tile 
flow data. It shows that NO3-N concentrations in 
drainage from plots with three split applications of N at a 
less total rate were considerably lower in comparison 
with plots with a single, higher rate application of N. In 
1986, overall averages of NO3-N concentrafions in 
drainage under split and single applications were 11.4 
and 14.7 mg/L, respectively. Statistically, the 
concentrations of NO3-N in drainage with split 
applications were significantly less than the 
concentration of NO3-N in drainage with a singe 
application. This indicates that combination of lower N 
rates and split N-fertilizer applications decrease the 
available NO3-N in soil for possible downward leaching 
and/or improve the plant-uptake of N through better 
timing of applications. 
Table 4 also compares the annual NO3-N leaching 
losses under single and split N applications. NO3-N 
leaching losses were observed to be considerably lower 
after 3 years of study period when three applications of N 
amounting to 125 kg/ha annually were made in 
comparison with a single application of N at a rate of 175 
kg/ha annually under no-till continuous corn. Also, on 
the average for the 3-year study, split N applications and 
lower N rate gave less NO3-N losses with subsurface drain 
flow as compared with the single application. This 
suggests that because of the compounding effect of lower 
N application rates with split applications had an effect 
on both leaching and losses of NO3-N. 
Effect of Tillage and Split N-Applications on Corn Yields 
Table 7 gives the average corn yields for three years 
(1984 to 1986) as a function of two tillage system (no-till 
and conventional tillage) and two levels of N-fertilizer 
application (single application of 175 kg/ha and three 
split applications totaling 125 kg/ha). Statistically, no 
significant difference was found in the corn yields in 
relation to tillage and fertilizer management. This shows 
that, on the basis of three years of crop data, corn yields 
TABLE 6. AVERAGE NO3-N CONCENTRATION OF PIEZOMETER WATER SAMPLES FOR 
THREE YEARS OF STUDY PERIOD (1984 to 1986) 
Year 
1984 
1985 
1986 
Three-year 
average 
Depth, m 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
1.2 
1.8 
2.4 
3.0 
3.6 
*N = number of observations 
tStd. Dev. = Standard Deviat 
No-till 
N* 
2 
8 
10 
14 
14 
6 
9 
8 
10 
6 
12 
12 
12 
12 
8 
26 
31 
34 
36 
ion. 
Average NO3 -N concentrations 
, 175 kg-N/ha 
cone. Std. dev.t 
12.4 
10.0 
11.3 
11.3 
8.9 
_ 
12.5 
15.7 
8.8 
6.1 
18.4 
16.5 
14.5 
8.7 
3.4 
16.1 
13.6 
13.8 
9.8 
6.3 
1.1 
1.6 
3.5 
3.4 
4.5 
_ 
3.0 
4.1 
5.8 
5.1 
7.7 
1.6 
1.3 
5.9 
3.1 
7.1 
3.5 
3.5 
5.0 
4.7 
Conv 
N* 
1 
8 
8 
11 
15 
-
5 
7 
9 
1 
11 
12 
12 
12 
2 
19 
25 
30 
36 
cone), mg/L 
tillage, 175 
cone. 
10.8 
7.7 
14.2 
9.5 
11.8 
-
10.0 
11.5 
3.4 
17.9 
12.7 
16.1 
15.1 
5.0 
14.3 
10.6 
14.3 
12.2 
7.4 
kg-N/ha 
Std. dev.t 
_ 
4.7 
7.3 
4.5 
6.3 
— 
2.4 
2.4 
3.6 
_ 
3.0 
4.1 
1.9 
4.9 
5.1 
4.5 
5.5 
4.0 
6.4 
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TABLE 7. EFFECT OF TILLAGE AND MULTIPLE APPLICATIONS 
OF N-FERTILIZER ON CORN YIELDS 
Year 
1984 
1985 
1986 
Three 
Years 
AVERAGE 
Tillage 
Conventional 
Conventional 
No-till 
No-till 
Conventional 
Conventional 
No-till 
No-till 
No-till 
Conventional 
Conventional 
No-till 
No-till 
No-till 
Conventional 
Conventional 
No-till 
No-till 
N- fertilizer 
application rate, 
kg/ha 
0 
175 
175 
125* 
0 
175 
175 
125* 
0 
0 
175 
175 
125* 
0 
0 
175 
175 
125* 
Corn yield 
Bu/ac 
67a* 
130b 
129b 
132b 
37a 
113b 
118b 
119b 
39a 
60b 
179c 
170c 
165c 
39a 
55b 
141c 
139c 
139c 
Mg/ha 
4.2at 
8.1b 
8.1b 
8.3b 
2.3a 
7.1b 
7.4b 
7.4b 
2.4a 
3.8b 
11.2c 
10.7c 
10.3c 
2.4a 
3.4b 
8.8c 
8.7c 
8.7c 
•Three replications of N-fertilizer were made totaling 125 kg/ha (first 
application of 25 kg/ha was made at or after planting, second application 
of 50 kg/ha was made about 20 days after the first application, and third 
application of 50 kg/ha was made about 20 days after the second application 
tValues followed by the same letter are not significantly different at the 
5% probability level during that year. 
were neither affected by tillage nor by the fertilizer 
management scheme used in this experiment. Indeed, 
very similar yields were obtained under split (at a lower 
rate of 125 kg/ha) and a single application (at a rate of 
175 kg/ha) of N fertilizer for no-till conditions. The 
results of this field study indicate that in some cases 
farmers can afford to apply less N fertilizer without 
reducing crop yields and make less nitrogen available in 
the soil profile for leaching to the groundwater system. 
CONCLUSIONS 
In the first year of corn after oats, NO3-N 
concentrations in drainage were low for a row-crop area, 
averaging about 11 mg/L. Treatment effects at the soil 
surface took time to become evident at the depth of drain 
tubes in asmuch as there were no immediate effects of 
either tillage (no-till or conventional) or N fertilizer 
treatment (a single application of 175 kg/ha or 125 
kg/ha applied in three applications) on concentrations. 
However, by the third year of continuous, fertilized corn 
(175 kg N/ha), average concentrations had increased to 
more than 15 mg/L, and concentrations for conventional 
tillage were greater than for no-till. This could be due in 
part to increased mineralization with moldboard plowing 
and to reduced leaching with no-till. 
In addition, third-year data showed that split N 
applications at a reduced rate of 125 kg/ha (applied over 
the growing season) reduced NO3-N concentrations in 
drainage compared with a single, higher rate application 
of 175 kg/ha. Furthermore, corn yields were essentially 
equal for both application rates (and between tillages as 
well). NO3-N concentrations in soil water samples taken 
from wells as a function of depth indicated that some 
attenuation was taking place as water and solute moved 
through the deeper, saturated soil profile. If 
460 
dentrification is occurring, that would help to reduce the 
impact of NO3-N leaching on groundwater quality. 
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